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1
MAINS VOLTAGE ZERO-CROSSING
DETECTOR

RELATED PATENT APPLICATION

This application claims priority to commonly owned U.S.
Provisional Patent Application No. 61/745,320; filed Dec. 21,
2012; which is hereby incorporated by reference herein for all
purposes.

TECHNICAL FIELD

The present disclosure relates to an alternating current
(AC) zero crossing detector, in particular, a power mains zero
crossing detector module in an integrated circuit having a
sensing input wherein a voltage is maintained within supply
rail voltages of the integrated circuit.

BACKGROUND

There are many applications for a circuit that monitors
power mains voltage zero-crossings, e.g., appliance control
circuits. Zero-crossing detection may be used in for example,
but is not limited to, timing delays for firing TRIACS, pulse
skipping to reduce EMI, etc., and alternating current (AC)
mains frequency is more accurate over a long period of time
than a crystal controlled oscillator.

Referring to FIG. 1, depicted is an exemplary prior tech-
nology schematic diagram of a conventional digital device
having inputs coupled to a power mains through external
components. A conventional input/output port of a digital
device 102 such as a digital I/O port of a microcontroller may
be coupled to a power mains line through a high value imped-
ance such as a 1 to 2 megohm resistor 104. Referring to FIG.
2, depicted is an exemplary prior technology schematic dia-
gram of an input structure of the conventional digital device
shown in FIG. 1. To perform zero-crossing detection an inte-
grated Schmitt trigger may be coupled to the 1/0 port (node),
for example, by programming a respective configuration reg-
ister that allows such an internal coupling. When the mains
power line voltage changes its sign the detector output must
change its state. Currently this is sensed as a digital input.
Some modules may be disturbed by injected current when the
parasitic diodes conduct in the integrated circuit die of the
digital device caused by the excess voltage at the input port
from the voltage dropping resistor 104. This injected current
may cause an undesirable disturbance in the device.

Referring to FIG. 3, depicted is an exemplary prior tech-
nology schematic diagram of an input protection circuit using
external components for the conventional digital device
shown in FIG. 1. External diodes 306 and 308 may be added
as shown in FIG. 3, but they must be Schottky diodes to make
sure that the input voltage does not reach a level such that
undesirable diode conduction may occur in the internal (in-
side 102) diodes to Vdd and/or Vss. Using such external
components causes an increase in printed circuit board size
and complexity, and the bill of materials will be increased
which is undesirable for many cost critical applications.

SUMMARY

Therefore, a need exists for a power mains zero-crossing
detector module in a general purpose analog and digital
capable (mixed signal) integrated circuit device, e.g., micro-
controller, that provides detection of zero crossings of a
power mains voltage without exceeding maximum input volt-
ages for the integrated circuit and that will not cause input
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electrostatic discharge (ESD) protection devices, or any
device, within the integrated circuit device to diode conduct.
Such a module should be implemented in an effective way
having in mind silicon area economy, low power consump-
tion, circuit simplicity, no requirement for external protection
circuitry and robustness of operation.

According to an embodiment, a mains voltage zero-cross-
ing detector may comprise: a first output driver coupled
between a first rail voltage and an external node; a second
output driver coupled between a second rail voltage and the
external node; an amplifier having first and second differen-
tial inputs, and first and second single ended outputs, wherein
a first output thereof may be coupled to a control input of the
first output driver and a second output thereof may be coupled
to a control input of the second output driver; a feedback
network coupled between the output node and the second
input of the amplifier; a voltage reference coupled to the first
input of the amplifier; a class B control circuit coupled to the
control inputs of the first and second output drivers, wherein
the class B control circuit forces one of the first or second
output drivers off when the other output driver may be con-
ducting, and releases control back to the amplifier as it stops
conducting; a current mode detector circuit coupled to the
control inputs of the first and second output drivers, wherein
the current mode detector circuit provides mains voltage
zero-crossing detection based upon currents to control inputs
of the first and second output drivers.

According to a further embodiment, the first output driver
may be a P-channel metal oxide semiconductor field effect
transistor (MOSFET) and the second output driver may be an
N-channel MOSFET. According to a further embodiment, a
reference voltage from the voltage reference may be between
the first and second voltage rails. According to a further
embodiment, the class B control circuit may override one of
the first or second single ended outputs of the amplifier to
substantially turn off the respective first or second output
driver when the other one of the first or second single ended
outputs of the amplifier may be controlling its respective one
of the control inputs of the first or second output driver,
thereby substantially reducing shoot through -current.
According to a further embodiment, the current mode detec-
tion circuit may comprise an input buffer having separate
N-channel MOSFET and P-channel MOSFET inputs
coupled to a Schmitt trigger circuit. According to a further
embodiment, the amplifier may be an operational amplifier.
According to a further embodiment, the external node may be
coupled to a mains voltage through a high impedance.
According to a further embodiment, the amplifier may com-
prise a single output and the first and second outputs may be
provided through first and second resistors coupled to respec-
tive control inputs of the first and second output drivers.

According to another embodiment, a circuit arrangement
for detecting mains voltage zero-crossings may comprise: an
external node of an integrated circuit device that may be
configured for coupling to a mains power alternating current
(AC) voltage through a high value impedance; first and sec-
ond output drivers that may be operable to couple the external
node to either a first supply rail voltage or second supply rail
voltage; and a zero-crossing detector that may provide control
of'the first and second output drivers such that a substantially
constant voltage may be forced at the external node whether
current is sinked from or sourced to the mains AC voltage, and
a current thereof may be monitored in determining voltage
zero-crossings of the mains AC voltage.

According to a further embodiment, the output drivers may
be part of a digital input/output port that may be program-
mable to operate the external node as a digital output port, a
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digital input port, or a zero crossing detector input port.
According to a further embodiment, a configuration register
may be provided that determines a function of said external
node. According to a further embodiment, the constant volt-
age may be controlled by a feedback loop around a class B
controlled operational amplifier. According to a further
embodiment, the class B controlled first and second output
drivers operate power efficiently. According to a further
embodiment, the zero-crossing detector may be operable to
monitor current driven to the first and second output drivers.
According to a further embodiment, the zero-crossing detec-
tion may be independent of operating temperature, process
manufacturing and supply voltage.

According to a further embodiment, the high value imped-
ance may be a high value resistor. According to a further
embodiment, the high value impedance may be selected from
any one or more of the group consisting of a resistor, a
capacitor, a transistor, and an inductor. According to a further
embodiment, the high value impedance may be a combina-
tion of passive and active components.

According to a further embodiment, a digital filter may be
coupled to the zero-crossing detector. According to a further
embodiment, the digital filter has a hold off time of substan-
tially less than twice the mains power AC frequency.

According to yet another embodiment, a method for detect-
ing mains voltage zero-crossings may comprise the steps of:
configuring an external node of an integrated circuit device
for coupling to a mains power alternating current (AC) volt-
age through a high value impedance; providing first and sec-
ond output drivers operable to couple the external node to
either a first supply rail voltage or second supply rail voltage;
and providing a zero-crossing detector output to control
inputs of the first and second output drivers such that a sub-
stantially constant voltage may be forced at the external node
whether current is being sinked from or sourced to the mains
AC voltage; and monitoring current of signals controlling the
first and second output drivers for determining voltage zero-
crossings of the mains AC voltage.

According to a further embodiment of the method may
comprise the step of filtering the monitored current of the
signals controlling the first and second output drivers with a
digital filter. According to a further embodiment of the
method, the digital filter has a hold off time of substantially
less than twice the mains power AC frequency. According to
a further embodiment of the method, the step of configuring
the node of the integrated circuit device for coupling to the
mains power alternating current (AC) voltage through the
high value impedance may be done at power up of the inte-
grated circuit device. According to a further embodiment of
the method, the step of configuring the node of the integrated
circuit device for coupling to the mains power alternating
current (AC) voltage through the high value impedance may
be done after power up of the integrated circuit device. A
further embodiment of the method may comprise the step of
disabling the node of the integrated circuit device coupled to
the mains power alternating current (AC) voltage through the
high value impedance after power up of the integrated circuit
device. According to a further embodiment of the method, the
step of configuring the node of the integrated circuit device
for coupling to the mains power alternating current (AC)
voltage through the high value impedance may be done with
at one least configuration fuse without having to execute a
program code.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present disclosure
may be acquired by referring to the following description
taken in conjunction with the accompanying drawings
wherein:
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FIG. 1 illustrates an exemplary prior technology schematic
diagram of a conventional digital device having inputs
coupled to a power mains through external components;

FIG. 2 illustrates an exemplary prior technology schematic
diagram of an input structure of the conventional digital
device shown in FIG. 1;

FIG. 3 illustrates an exemplary prior technology schematic
diagram of an input protection circuit using external compo-
nents for the conventional digital device shown in FIG. 1;

FIG. 4 illustrates a schematic diagram of a mains voltage
zero-crossing detector, according to a specific example
embodiment of this disclosure; and

FIG. 5 illustrates a schematic diagram of a mains voltage
zero-crossing detector, according to another specific example
embodiment of this disclosure.

While the present disclosure is susceptible to various modi-
fications and alternative forms, specific example embodi-
ments thereof have been shown in the drawings and are herein
described in detail. It should be understood, however, that the
description herein of specific example embodiments is not
intended to limit the disclosure to the particular forms dis-
closed herein, but on the contrary, this disclosure is to cover
all modifications and equivalents as defined by the appended
claims.

DETAILED DESCRIPTION

According to various embodiments a constant voltage is
forced on an external node by driving transistor devices with
appropriate control signals provided by a feedback loop
around a highly power efficient class B configuration com-
prising an operational amplifier having single ended dual
outputs and a class B control circuit. Mains power zero cross-
ing may then be detected by monitoring the current drive of
devices attached to the output of this amplifier. Wherein Class
B control and current mode detection provide accurate detec-
tion of the driven signal without depending on any voltage
threshold that may be depend on temperature, process fabri-
cation and/or supply voltage.

According to various embodiments, all drawbacks of the
conventional prior technology mains power zero-crossing
detection circuits, including the necessity of external protec-
tion components may be eliminated. The input node voltage
never exceeds the power supply voltage rails, and operation of
surrounding analog and digital modules in the integrated
circuit device, even if very sensitive, is not affected. Using
current mode detection is extremely accurate while sensing
the mains power crossover event while the instantaneous line
voltage V . is still within the digital device supply voltage
rails range.

According to various embodiments, an external high value
impedance may couple a zero-crossing detector module input
node to a mains power line. The zero-crossing detector may
keep the input node coupled to the external high value imped-
ance at a constant voltage level that is always between supply
rails, e.g., Vdd and Vs, in order to prevent firing-up the ESD
structures protecting the node and thereby avoid disturbing
other sensitive analog functions within the integrated circuit
device. At the same time the zero-crossing detector may
monitor the current through the external high value imped-
ance and may change its output state when the mains voltage
crosses a reference value close to zero volts, e.g., when a
zero-crossing event of the mains power line occurs.

The zero-crossing detector module may accommodate
many applications in combination with a microcontroller.
Hence an integrated peripheral performing this function
would be desirable. For example, such a function may be used
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for performing timing delays for firing TRIACS, for pulse
skipping (reduces EMI), or as a frequency constant since the
frequency ofthe AC mains is more accurate over a long period
of time than a crystal oscillator.

According to a further embodiment, output drivers may be
part of a microcontroller digital input/output node (port) that
may be programmable to operate as a digital output port, a
digital input port, or as a zero crossing detector. According to
a further embodiment, a configuration register may determine
the function of said external node. According to a further
embodiment, constant voltage control at the node may be
provided by control signals from a feedback loop around a
class B controlled operational amplifier. According to a fur-
ther embodiment, the class B controlled operational amplifier
in combination with the output drivers may be power effi-
cient. According to a further embodiment, the zero crossing
detector may be operable to monitor the current drive of the
operational amplifier. According to a further embodiment, the
zero crossing detection is independent from temperature, pro-
cess and supply voltage. According to a further embodiment,
a microcontroller may comprise a circuit arrangement in the
embodiment described more fully hereinbelow.

Referring now to the drawings, the details of specific
example embodiments are schematically illustrated. Like ele-
ments in the drawings will be represented by like numbers,
and similar elements will be represented by like numbers with
a different lower case letter suffix.

Referring to FIG. 4, depicted is a schematic diagram of a
mains voltage zero-crossing detector, according to a specific
example embodiment of this disclosure. A mixed signal
device 402, e.g., microcontroller, may comprise pad devices
406 and a zero-crossing detector module 410. An external
high value impedance 404, e.g., 1 to 2 megohms, may couple
aninputnode 416 ofthe pad devices 406 to a mains power line
voltage, e.g., 120 V. or 240 V.. It is contemplated and
within the scope of this disclosure that the external high
impedance 404 may be any combination of a resistor(s), a
capacitor(s), transistors, and/or an inductor(s), and one hav-
ing ordinary skill in the art of electronic circuit design and the
benefit of this disclosure would readily be able to design an
appropriate external high impedance network.

The pad devices 406 may comprise a P-channel metal
oxide semiconductor field effect transistor (MOSFET) 420,
an N-channel MOSFET 422 and a feedback network 408.
Electrostatic discharge (ESD) protection devices may also be
coupled to the input node 416 for electrostatic protection
thereof. The feedback network 408 may comprise a resistor
424. However, it is contemplated and within the scope of this
disclosure that the feedback network 408 may be any combi-
nation of a resistor(s), a capacitor(s), transistors, and/or an
inductor(s), and one having ordinary skill in the art of elec-
tronic circuit design and the benefit of this disclosure would
readily be able to design an appropriate feedback network
408. It is also contemplated and within the scope of this
disclosure that the node 416 may be a standard configurable
digital input-output node that may be configured as digital
output port, a digital input port, or a zero crossing detector
input port and/or other digital and analog functions. In addi-
tion, this configuration may be stored in a configuration reg-
ister (not shown) of the digital device 402.

The zero-crossing detector module 410 may comprise an
error amplifier 426 having differential first and second inputs
and two single ended outputs, a voltage reference 428
coupled to the first input of the error amplifier 426, a class B
control circuit 412, and a current mode detector 414. The
feedback network 408, e.g., resistor 424, may couple a volt-
age at the input node 416 to the second input of the error
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amplifier 426. The error amplifier 426 may comprise difter-
ential inputs and single ended double outputs providing the
same phase, and may function as a voltage buffer to control
the gates of the P-channel MOSFET 420 and the N-channel
MOSFET 422 so as to maintain a voltage at the input node
416 substantially the same as a reference voltage from the
voltage reference 428. The amount of current required to
maintain this voltage at the input node 416 varies as the mains
power line voltage changes. Without the class B control cir-
cuit 412, both gate voltages of the P-channel MOSFET 420
and the N-channel MOSFET 422 would be approximately
equal, resulting in a very high shoot-through current, wherein
the current mode detector 414 would have a much harder time
making a “zero-crossing” decision.

It is contemplated and within the scope of this disclosure
that the error amplifier 426 may alternatively comprise dif-
ferential inputs and a single output wherein the single output
may be coupled to the gate of the P-channel MOSFET 420
with a first resistor (not shown) and to the gate of the N-chan-
nel MOSFET 422 with a second resistor (not shown).

The class B control circuit 412 may comprise a first switch
436 and a second switch 438. The first and second switches
436 and 438 may be implemented with transistors, e.g., field
effect transistors. When there is a substantially logic zero
level applied to the first switch 436 it will be closed (on) and
when at a logic high level (“17) it will be open (off). When
there is a logic low level (“07) applied to the first switch 436
itwill be closed (on) and when at a logic high level (“17) it will
be open (off). When the first switch 436 is closed, the N-chan-
nel MOSFET 422 will be hard “off)” and when the second
switch 438 is closed, the P-channel MOSFET 420 will be
hard “off”” When either one or both of the first or second
switches 436 and 438 are open then the respective outputs of
the error amplifier 426 will control conduction of the P-chan-
nel MOSFET 420 and the N-channel MOSFET 422. When
switch 436 is closed it will dominate control of the N-channel
MOSFET 422 over control by the error amplifier 426. When
switch 438 is closed it will dominate control of the P-channel
MOSFET 420 over control by the error amplifier 426. The
class B control circuit 412 shuts down the un-needed driver
transistor, e.g., P-channel MOSFET 420 or N-channel MOS-
FET 422 (based upon what direction the mains power line
voltage has gone, thereby greatly reducing shoot-through
current from V+ to V- through P-channel MOSFET 420 and
N-channel MOSFET 422. This provides a significant reduc-
tion in total power consumption, and helps the current mode
detector 414 to make a quicker and more accurate current
mode detection of the mains AC waveform zero-crossing
(waveform direction).

For example: When the error amplifier 426 drives the gate
of the P-channel MOSFET 420 low enough to turn it on, the
Class B control circuit 412 will pull down the gate of the
N-channel MOSFET 422 so that it cannot conduct (the
N-channel MOSFET 422 isn’t needed when the P-channel
MOSFET 420 is pulling the input node 416 up to the refer-
ence voltage because the external line voltage is negative).
When the error amplifier 426 drives the gate of the N-channel
MOSFET 422 high enough to turn it on, the Class B control
circuit 412 will pull up the gate of the P-channel MOSFET
420 so that it cannot conduct (the P-channel MOSFET 420
isn’t needed when the N-channel MOSFET 422 is pulling the
input node 416 down to the reference voltage because the
external line voltage is positive). As the current through the
input node 416 reduces to substantially zero, e.g., the mains
line voltage is nearing its zero cross-over, the Class B control
circuit 412 will release its ‘lock’ on the gate of the non-
conducting MOSFET 420 or 422. It does this because the gate
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that is “‘unlocked’ (the conducting MOSFET) effectively acts
as an enable for the lockdown on the other MOSFET gate. As
the conducting gate moves towards off (Vgs~Vt), the Class B
control circuit 412 releases its lockdown of the ‘other’ gate.

The current mode detector 414 may comprise a P-channel
MOSFET 430, an N-channel MOSFET 434 and an inverter
432. The current mode detector 414 determines when the
control voltages, described hereinabove, swing to one of the
two rails, e.g., V+ or V—, thereby causing one of the P-channel
MOSFET 420 or N-channel MOSFET 422 to turn on and the
other to turn off, matching the direction of current flow in the
external high value impedance 404. Thus the drive signals
applied to the gates of the P-channel MOSFET 420 or
N-channel MOSFET 422 may be used as inputs to the N side
and P side of a buffer, for example but is not limited to a
Schmitt Trigger (ST) buffer structure. Wherein when one
input to the current mode detector 414 is in a conducting state,
the other input will be hard off (due to the ‘lock’ from the class
B control circuit 412), then the ST will switch rail to rail.

Referring to FIG. 5, depicted is a schematic diagram of a
mains voltage zero-crossing detector, according to another
specific example embodiment of this disclosure. A mixed
signal device 502, e.g., microcontroller, may function in sub-
stantially the same way as the mixed signal device 402,
described hereinabove, with the addition of a digital filter 540
receiving the detector output from the inverter 432. The digi-
tal filter 540 may be used to hold off for a time that may be
substantially less than twice the power line frequency, e.g.,
half cycle time, but sufficiently long to be ‘far’ away from a
zero cross over point, in order to help avoid any unwanted
analog glitches that may occur during the zero crossing deci-
sion making process.

It is contemplated and within the scope of this disclosure
that a node of an integrated circuit device may be configured
for coupling to a mains power alternating current (AC) volt-
age through a high value impedance at power up or after
power up of the integrated circuit device. It is also contem-
plated and within the scope of this disclosure that a node of an
integrated circuit device may be disabled from coupling to a
mains power alternating current (AC) voltage through a high
value impedance after power up of the integrated circuit
device. It is further contemplated and within the scope of this
disclosure that at least one configuration fuse may be used to
enable the zero cross circuit function without having to
execute program code.

While embodiments of this disclosure have been depicted,
described, and are defined by reference to example embodi-
ments of the disclosure, such references do not imply a limi-
tation on the disclosure, and no such limitation is to be
inferred. The subject matter disclosed is capable of consider-
able modification, alteration, and equivalents in form and
function, as will occur to those ordinarily skilled in the per-
tinent art and having the benefit of this disclosure. The
depicted and described embodiments of this disclosure are
examples only, and are not exhaustive of the scope of the
disclosure.

What is claimed is:

1. A mains voltage zero-crossing detector, comprising:

a first output driver coupled between an first rail voltage

and an external node;

a second output driver coupled between a second rail volt-

age and the external node;

an amplifier having first and second differential inputs, and

first and second single ended outputs, wherein a first
output thereof is coupled to a control input of the first
output driver and a second output thereof is coupled to a
control input of the second output driver;
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a feedback network coupled between the external node and
the second differential input of the amplifier;

a voltage reference coupled to the first differential input of
the amplifier;

a class B control circuit coupled to the control inputs of the
first and second output drivers, wherein the class B con-
trol circuit forces one of the first or second output drivers
off when the other output driver is conducting, and
releases control back to the amplifier as it stops conduct-
ing; and

a current mode detector circuit coupled to the control
inputs of the first and second output drivers, wherein the
current mode detector circuit provides mains voltage
zero-crossing detection based upon currents applied to
the control inputs of the first and second output drivers.

2. The mains voltage zero-crossing detector according to
claim 1, wherein the first output driver is a P-channel metal
oxide semiconductor field effect transistor (MOSFET) and
the second output driver is an N-channel MOSFET.

3. The mains voltage zero-crossing detector according to
claim 1, wherein a reference voltage from the voltage refer-
ence is between the first and second voltage rails.

4. The mains voltage zero-crossing detector according to
claim 1, wherein the class B control circuit overrides one of
the first or second single ended outputs of the amplifier to
substantially turn off the respective first or second output
driver when the other one of the first or second single ended
outputs of the amplifier is controlling its respective one of the
control inputs of the first or second output driver, thereby
substantially reducing shoot through current.

5. The mains voltage zero-crossing detector according to
claim 1, wherein the current mode detection circuit comprises
an input buffer having separate N-channel MOSFET and
P-channel MOSFET inputs coupled to a Schmitt trigger cir-
cuit.

6. The mains voltage zero-crossing detector according to
claim 1, wherein the amplifier is an operational amplifier.

7. The mains voltage zero-crossing detector according to
claim 1, wherein the external node is coupled to a mains
voltage through a high impedance.

8. The mains voltage zero-crossing detector according to
claim 1, wherein the amplifier comprises a single output and
the first and second outputs are provided through first and
second resistors coupled to respective control inputs of the
first and second output drivers.

9. A microcontroller comprising a circuit arrangement
according to claim 1.

10. A circuit arrangement for detecting mains voltage zero-
crossings, comprising:

an external node of an integrated circuit device that is
configured for coupling to a mains power alternating
current (AC) voltage through a high value impedance;

first and second output drivers operable to couple the exter-
nal node to either a first supply rail voltage or second
supply rail voltage; and

a zero-crossing detector providing control of the first and
second output drivers such that a substantially constant
voltage is forced at the external node whether current is
being sinked from or sourced to the mains AC voltage,
and a current thereof is monitored in determining volt-
age zero-crossings of the mains AC voltage.

11. The circuit arrangement according to claim 10, wherein
the output drivers are part of a digital input/output port that is
programmable to operate the external node as a digital output
port, adigital input port, or a zero crossing detector input port.
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12. The circuit arrangement according to claim 11, further
comprising a configuration register that determines a function
of said external node.

13. The circuit arrangement according to claim 10, wherein
the constant voltage is controlled by a feedback loop around
a class B controlled operational amplifier.

14. The circuit arrangement according to claim 13, wherein
the class B controlled first and second output drivers operate
power efficiently.

15. The circuit arrangement according to claim 10, wherein
the zero-crossing detector is operable to monitor current
driven to the first and second output drivers.

16. The circuit arrangement according to claim 15, wherein
the zero-crossing detection is independent of operating tem-
perature, process manufacturing and supply voltage.

17. The circuit arrangement according to claim 10, wherein
the high value impedance is a high value resistor.

18. The circuit arrangement according to claim 10, wherein
the high value impedance is selected from any one or more of
the group consisting of a resistor, a capacitor, a transistor, and
an inductor.

19. The circuit arrangement according to claim 18, wherein
the high value impedance is a combination of passive and
active components.

20. The circuit arrangement according to claim 10, further
comprising a digital filter coupled to the zero-crossing detec-
tor.

21. The circuit arrangement according to claim 20, wherein
the digital filter has a hold off time of substantially less than
twice the mains power AC frequency.

22. A microcontroller comprising a circuit arrangement
according to claim 10.

23. A method for detecting mains voltage zero-crossings,
said method comprising the steps of:

configuring an external node of an integrated circuit device

for coupling to a mains power alternating current (AC)
voltage through a high value impedance;
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providing first and second output drivers operable to
couple the external node to either a first supply rail
voltage or second supply rail voltage; and

providing a zero-crossing detector to control of the firstand

second output drivers such that a substantially constant
voltage is forced at the external node whether current is
being sinked from or sourced to the mains AC voltage;
and

monitoring current of signals controlling the first and sec-

ond output drivers for determining voltage zero-cross-
ings of the mains AC voltage.

24. The method according to claim 23, further comprising
the step of filtering the monitored current of the signals con-
trolling the first and second output drivers with a digital filter.

25. The method according to claim 24, wherein the digital
filter has a hold off time of substantially less than twice the
mains power AC frequency.

26. The method according to claim 23, wherein the step of
configuring the node of the integrated circuit device for cou-
pling to the mains power alternating current (AC) voltage
through the high value impedance is done at power up of the
integrated circuit device.

27. The method according to claim 23, wherein the step of
configuring the external node of the integrated circuit device
for coupling to the mains power alternating current (AC)
voltage through the high value impedance is done after power
up of the integrated circuit device.

28. The method according to claim 23, further comprising
the step of disabling the external node of the integrated circuit
device coupled to the mains power alternating current (AC)
voltage through the high value impedance after power up of
the integrated circuit device.

29. The method according to claim 23, wherein the step of
configuring the external node of the integrated circuit device
for coupling to the mains power alternating current (AC)
voltage through the high value impedance is done with at least
one configuration fuse without having to execute a program
code.



